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Abstract 
Biological control, using pathogenic microsporidia, may have the potential to be an alternative to chemical control against 
the diamondback moth (DBM), Plutella xylostella (Lepidoptera: Plutellidae). The microsporidium, Nosema bombycis 
(NB), is one of many disease agents that can be used in the Integrated Pest Management (IPM) of DBM. Nosema 
bombycis affected DBM fecundity negatively and may affect its preference to lay eggs on particular host plant species. To 
investigate this, infection was performed on second instar larvae of DBM and the emerged adults were released into cages 
in greenhouse. A choice experiment with whole plants was conducted with four selected hosts: rape leaves, Brassica 
juncea, green mustard, B. Chinese, cabbage, B. Oleracea and pak choi, B. Rapa to examine adult oviposition preference 
for both untreated and N. Bombycis-infected DBM. P. xylostella performance (larvae hatched, pupae developed, adults 
emerged and developmental time for each stage) parameters were also conducted using mean values for each host plant 
and the results showed that it varied between plants. For untreated DBM, rape plants were the most preferred for 
oviposition, and more eggs were laid by DBM on rape than either green mustard or pak choi while oviposition was lowest 
on cabbage. However, the infected DBM exhibited no significant different in egg laying preference between rape, green 
mustard and pak choi with low number of egg laid irrespective of host plants. Interestingly, Normal and Nosema-infected 
DBM adults showed an unattractive egg laying behaviour to cabbage. 
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1. Introduction  
The diamondback moth (DBM) Plutella xylostella L. (Lepidoptera: Plutellidae) causes considerable 
economic losses in Brassicaceous crops worldwide and occasionally other crops. Control of this pest is 
usually achieved through the application of synthetic insecticides, but their high cost, environmental 
contamination, development of resistance to chemicals, and pest resurgence [10] have encouraged the search 
for alternatives which are more compatible with the environment. Microbial control is an environmentally 
sound and a valuable option to apply than chemicals for controlling this pest. Nosema bombycis Negali, is one 
of several important mortality factors of DBM in the field [6]. Several bioassays and studies were performed 
to describe the influence of Nosema infection on the development, mortality, pupation, adult eclosion and 
behaviour of DBM [6; 7]. The objectives of this study were (1) to conduct a greenhouse study to answer 
question whether or not some species of Brassica vegetables were more attractive to oviposition of both non-
infected and Nosema-infected DBM than the other Brassica species, and (2) to compare the performance of 
DBM developing on those hosts. 
2. Material and methods 
2.1. Experimental Plants and Insects 
Four plant species were used in the study: rape leaves, Brassica juncea, green mustard, B. Chinese, pak 
choi, B. Rapa and cabbage, B. oleracea. These plants were selected based on their importance as cultivated 
vegetables. Plants were grown in pots (11cm diam.) in potting mix in screen cages. Plants at the 4–6 leaf 
growth stage were used in experiments. Experiments were conducted in the greenhouse at 25 ± 5C and a 
photoperiod of 12:12 (L: D) h. DBM larvae of UPM strain were obtained from a colony maintained at the 
Malaysian Agriculture Research and Development Institute (MARDI).They had been reared on Indian 
mustard to avoid possibly confounding effects of food history on host plant preference. After few generations, 
2nd instar larvae were treated by Nosema sp. spore concentration (103spores/ L) or sterile water as a control as 
described by [8].  
2.2. Oviposition Preference and P. xylostella Performance 
A choice experiment was conducted in the greenhouse. Seven potted plants from each host plant species 
were randomly placed in wood-framed cages (1.50 m wide by 2.40m long by 1.50m high) with fine polyester 
mesh covers. Plants were spaced at about 30 cm intervals. A total of 28 pairs of newly emerged DBM were 
introduced to the cage and allowed to mate and oviposit with a wetted cotton wool soaked in (soaked in 10% 
sucrose) placed at the bottom of the cage to served as food. Each cage (28 plants) was a replication. The 
experiment was repeated three times for the untreated DBM and the same procedures were done with infected 
DBM.  After 48h, the plants were harvested; the number of eggs on each plant was counted in the laboratory. 
A total of 50 eggs (in five replications) from each plant species for both treated and untreated DBM were 
allowed to hatch. Egg hatch rate (percentage) was recorded. Larvae were reared on the same plant species in 
plastic containers until adult emergence (50 larvae per treatment per each host plant). Larval development 
time was recorded while larval development was measured in days from oviposition to pupation. Pupae within 
24h of pupation were weighed using a balance and monitored for adult emergence and the percentage of 
pupae developed, pupal duration, and adults emerged were also calculated.  
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2.3. Data analysis  
One-way analysis of variance (ANOVA) was performed by the statistical program MINITAB, Analytical 
Software. Tukey’s multiple range tests were used to detect and separate the mean treatment differences at P = 
0.05. Furthermore, a paired t-test was performed to detect the difference between control and treated DBM on 
various host plants. 
3. Results and discussion 
Oviposition preference and performance of P. xylostella differed significantly among host plants (Fig. 1). 
Most eggs were laid on rape plants and the least on cabbage for both untreated and infected DBM (p < 0.05). 
There were no differences in total eggs laid between B. Chinese and B. Rapa. This study demonstrated that P. 
xylostella oviposition choice varied among the tested plants, and rape plants was the most preferred whereas 
cabbage was the least preferred plant in terms of oviposition. [2] reported similar observations and recorded 
more eggs, on the cruciferous B. juncea (L.) than on cabbage. However, Nosema infection did not deter 
oviposition by diamondback moths, though Nosema has affected negatively the numbers of eggs laid (P < 0.5) 
on all plants except for cabbage (T = -1.57, P = Value = 0.126, df = 29). The decreasing number of eggs may 
be related to some factors affecting the egg laying process, either, as a result of Nosema infecting certain 
tissues [5] or due to the competition between the host and the microsporidia for nutrients [4].The mean 
percentage of larval hatched, pupae developed from larvae and adults emerged from pupae were dramatically 
decreased (p < 0.5) in Nosema-infected DBM compared to untreated ones among the tested plants. These 
results are similar with the sub-lethal effects of other microsporidia on insects [3]. However, the negative 
effect of Nosema on larval hatched, pupae developed and adults emerged were not significantly different 
between host plants and ssimilarly for treated DBM. 
 
76   Nadia et al. /  APCBEE Procedia  4 ( 2012 )  73 – 78 
Fig. 1. Comparison of numbers of eggs laid, larvae hatched, pupae developed, and adults emerged (y-axis) of control and treated DBM on 
B. juncea (A), B. Chinese (B), B. oleracea (C) and B. Rapa (D). ). Differing letters indicate a significant difference (P <0.05). 
 
 
Fig. 2. Mean ±SE of developmental time, pupae weight and adult longevity of control and treated DBM on B. juncea (A), B. Chinese (B), 
B. oleracea (C) and B. Rapa (D).  Differing letters indicate a significant difference (P <0.05). 
In other words, Nosema infection affected larval performance negatively but had no deterrent effect on 
specific plant species. P. xylostella responds differently to physical and chemical characters of host plants [9]. 
Ovipositional differences in this study which were more pronounced between rape plants (Fig. 1. A) and 
cabbage (Fig.1 B) could be linked to differences in  physical and/or chemical structures of the plants’ leaf 
surface. Differences could also due to change in insect’s sensory/sensitivity to host stimuli. Although 
ovipositing females did discriminate between the cabbage and the other plants for oviposition, larvae 
performance on cabbage did not significantly differ in other plants. An explanation for this might be that 
females laid less egg on the least preferred host in existence of other preferable hosts but when reared on 
cabbage alone, DBM has to develop on this host in absence of other preferable plants. This was the case for 
both control and infected DBM. Consequently, Nosema infection had no deterrent effect either on oviposition 
or on larvae performance. Larval feeding preferences and performance varied greatly between replicates, 
although a strong preference was demonstrated for the rape plants and green mustard compared with cabbage. 
The mean developmental time (from egg to pupa) was significantly greater for treated DBM feed on rape 
plants (T = -2.29, df = 27, P = 0.030) and on green mustard (T = -2.27, df = 27, P = 0.031) than for cabbage 
and pak choi (Fig.2). Pupae period did not differed between treated and untreated DBM on all host plants 
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even though  this period varies significantly among untreated (F = 12.40,df =3&56, p = 0.000)  and also 
among  treated DBM (F = 11.84, df =3&56, P =0.000) where the shortest was on rape plants and the highest 
was on  cabbage. Figure 2 (B and C) show that the difference in the total developmental time refers to the 
extended larval period when the treated larvae feed on cabbage (F =15.28, df = 3&56, P = 0.000). These 
results were not unpredictable since Nosema invade the DBM gut and hence affected the development. This 
effect was more pronounced when DBM were fed on cabbage compared to rape plants .These observations 
are consistent with the sublethal effects of other Nosema spp. on insects such as ssouthwestern  corn borer 
(SWCB; Diatraea grandiosella Dyar) [3]. Mean pupal weight was highest on pak choi plants, followed by 
green mustard, and lowest on cabbage (F = 2.53, df = 3&56, P > 0.05). However, there is no significant 
different between the weight of infected DBM pupae feed on different hosts though there is a significant 
different among weight of untreated and also among treated DBM pupae feed on green mustard (T = 3.01, df 
= 20, P = 0.007) and on pak choi (T = 2.31, df = 26, P = 0.029) (Fig.2 B and D). Difference in size of infected 
and control DBM is expected because Nosema invade the DBM’s tissue and therefore affected the size. [3] 
stated that insects infected with Nosema are frequently smaller than control. Nosema infection has affected the 
adult’s longevity dramatically for all host plants though the shortest life was shown on DBM were fed on 
cabbage (T = 4.24, df =18, P = 0.000). Although our study did not include relationship between adult 
oviposition preference and offspring performance, it is obvious that DBM female prefer to oviposit on host 
plants such as rape plants and green mustard that suitable for survival and development of their progeny 
compared to cabbage. [1] stated that adult females should, in theory, oviposit on host plants that insure the 
best survival of their offspring. However, this behaviour tended to be the same also for Nosema infected 
DBM. For example, larval, pupal and total developmental period were the shortest on treated and untreated 
larvae were fed rape plants which showed the greatest number of eggs laid.  
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